We consider conditions for existence of fermionic quasiparticles in a strongly anisotropic quasi-one-dimensional metal. The adopted model is a model of chains of spin-1/2 Luttinger liquid coupled by small interchain hopping. We determine sufficient conditions for a formation of the quasi-particle pole in 
PACS numbers: 71.27.+a, 72. 10.-d There are quasi-one-dimensional materials which are, despite being good conductors, display features which are considered as incompatible with the classical Fermi liquid description. It is suggested that the adequate description of these materials may be provided by the Luttinger liquid rather than the Fermi liquid theory. There are also materials like (TMTSF) 2 PF 6 which being closer to Fermi liquid under normal conditions display manifestly non-Fermi-liquid properties in a magnetic field [1] , [2] . To give an adequate theoretical description of such systems one must understand a problem of stability of Luttinger liquid with respect to interchain hopping t ⊥ . Despite that this problem has been addressed by many distingushed researches, there is still no consensus about the results. In this letter we argue that the existent results are sufficient to establish sufficient conditions for stability of Luttinger liquids.
The most difficult aspect of the problem of stability of Luttinger liquid is that the interchain hopping simultaneously generates effects of different nature. Thus there are processes leading to creation of three dimensional Fermi surface and processes of multi-particle exchange leading to three dimensional phase transitions.
Even if the Fermi surface is not formed the interchain exchange along will always destabilize the gapless Luttinger liquid fixed point and create a three dimensional ground state with a broken symmetry. In this and only this sense the interchain coupling is relevant. There is another question however, and it is whether the state above the transition temperature is a normal metal or something else. It was rightly pointed out by Anderson that the earmark of a Fermi liquid is a coherent transport in all directions. Meanwhile, in a one dimensional (or "confined") Luttinger liquid state the Drude peak in optical conductivity exists only in the direction along the chains. Since the Drude peak in normal metals originates from existence of a well defined pole in the single electron Green's functions which is absent in Luttinger liquid, we have to work out criteria for formation of such pole.
To establish sufficient conditions for existence of the single particle pole one should make the phase transition temperature as low as possible. This can be achieved on a lattice with large coordination number D >> 1. This condition will allow us to ignore all feed back effects coming from electrons returning to the same chain and generating effective many-body exchange interactions leading to phase transitions at low temperatures. In order to minimize similarity between the Luttinger liquids on single chains and a Fermi liquid we shall consider a strong spin-charge separation v s /v c << 1.
Spin-1/2 Luttinger liquid can be described as a direct sum of charge and spin subsystems. The corresponding Hamiltonians describe free bosonic scalar fields with linear spectra: ǫ c,s (q) = v c,s |q|. Except for the velocities v c,s the U(1)×SU(2)-symmetric Luttinger Hamiltonian includes only one phenomenological parameter K c characterizing scaling dimensions in the charge sector. In our discussion we shall keep K c to be arbitrary.
Taking into account only the diagrams which can be cut along a single hopping integral line as being leading ones in 1/D, we get the following expression for the single electron Green's function: 
cos(kb i ) with b i being lattice vectors.
Calculations of the single particle Green's function of the Luttinger liquid carried out in Ref. [6] give the following singularities (q > 0):
where
At θ > 1/2 when the asymptotics of the Green's function becomes too steep, these singularities disapppear.
The Green's function (1) cannot have poles in the shaded region of Fig. 2 , where the imaginary part is finite, but outside of it it can. If θ < 1/2 such pole exists for arbitrarily small t ⊥ > 0. Using Eq.(2) we obtain the dispersion law of this coherent fermionic excitation:
existing in the region t ⊥ (k) > 0. Here we are keeping v s alongside with v c to prevent the forgetful reader from taking the limit v c = v s .
The new Fermi wave vector determined by the condition ǫ(q, k) = 0 is given
The Fermi velocity in the longitudinal direction
The case θ = 1/2 is marginal; there we have
Near the pole the Green's function can be represented in the standard form:
Using Eqs. (3), (4) we obtain the value of the residue Z on the Fermi surface:
The appearence of the quasi-particle pole leads to smearing of the sigularities (2) (see Fig. 1(b) ). At small Z, however, most of the spectral weight will be concentrated in the incoherent part of G(ω, k, k) which means that many properties of the system will still be very much like in the Luttinger liquid. It is the transport properties which require coherently propagating particles which will be most affected by the appearence of a new weakly damped fermionic mode.
As we have mentioned above, at θ > 1/2 (K c < 0.28) the coherent branch disappears altogether. This reproduces the result obtained in Refs. [3] , [4] . Here we remind the reader that the widely quoted restriction K c > 1/2 is valid only for the Hubbard model. Far from being impossibility, small K c 's are ubiquitous in CDW materials (see, for example the review article [9] , having in mind that in the literature on CDW K c is called (m/m * ) 1/2 ) where as it had been shown a long time ago the reduction of K c comes from retardation processes related to the electron-phonon interaction [7] , [8] . As will be shown below, at θ > 1/2 the incoherent transport in the transverse direction also undergoes change. Namely, (see Eq. (11)) the transverse optical conductivity looses a characteristic maximum at ω = 0. Thus at θ > 1/2 the system remains in a spin-charge separated state dominated by the collective modes. The same, of course, is valid when there is a spectral gap for one of the excitation branches, but this is a trivial possibility.
In the absence of quasiparticle pole the conductivity in the transverse direction σ ⊥ is always incoherent which can be taken as a criterion of one-dimensionality [5] . Let us suppose that the interchain hopping is very small and calculate the first nonvanishing contribution to σ ⊥ . Since current in transverse direction may be carried by different kind of processes (single and multi-particle) it will be convenient to derive a general formula for σ ⊥ (ω) assuming the following expression for the current density in the b-direction (b is a unit lattice vector in the transverse direction): is
where O n (x) is an electron or pair annihilation operator (in the latter case t ⊥ would be the Josephson coupling matrix element) on a chain. In the leading order in t ⊥ we get the following general expression for the real part of transverse conductivity:
where n(x) is the Fermi or Bose distribution function depending on the nature of the operator O(x) and D(ω, q) is the pair correlation function of these operators.
A simple power counting gives the following scaling form for σ ⊥ (ω, T ):
where d is the scaling dimension of the operator O and F is a crossover function.
At d < 3/4 the incoherent conductivity has a peak at ω = 0. This peak may be mistaken for a Drude peak. However, the linear temperature dependence of its width betrays its origin. be realized only at finite temperatures because the effective interchain exchange generated in the second order in t ⊥ will always lead to a three dimensional phase transition. One can imagine that such transition may happen before the single particle pole is formed. A probability of such outcome increases when D decreases. In particular, in two dimensions (D = 2) the approximated which lead to Eq.(1) becomes particularly poor which opens an intriguing possibility that in D = 2 virtual processes make conditions for quasiparticle formation more severe or, at least, diminish the magnitude of Z. This may explain why the effective reduction of dimensionality in (TMTSF) 2 PF 6 caused by a magnetic field has lead to non-Fermi-liquid effects reported in Ref. [1] .
One may gain an insight from studying a toy model of two chains of spinless fermions. According to Ref. [11] , [12] , the bosonized Hamiltonian density has the following form:
where the Hamiltonians H ± describe symmetric and antisymmetric combinations of the bosonic fields; Θ is the field dual to Φ related to the momentum density operator Π = ∂ x Θ canonically conjugate to Φ. The quantity z l ≡ t ⊥ (l) is proportional to the renormalized interchain hopping amplitude. The interchain exchange and pair hopping described by the two last terms are generated dynamically in the process of renormalization. The parameters of the Hamiltonian H l satisfy the following renormalization group equations [11] , [12] :
whereK l = 1/K l and u l = u 0 . The initial conditions are
Without a loss of generality we may consider the case K < 1 and study Eqs. we shall demonstrate in a moment, both z l and g l grow, but g l reaches the strong coupling regime first.
(iii) Band theory regime. K > √ 2 − 1. In this regime the best approach is to diagonalize the quadratic fermionic Hamiltonian first to obtain two split Fermi surfices, and then take into account the interactions.
Let us consider the most interesting case first:
It can be shown that at these values of K the effective exchange interaction is formed already at small distances. Since condition (18) corresponds to rather small K < 0.42, where the operator cos( 8π/KΘ) is strongly irrelevant, we can neglect it altogether and putg = 0 in the RG equations. We shall also neglect renormalization of K from its initial value K 0 , which is justified since the bare value of g is small. In this approximation we can solve Eq.(17):
Substituting this into Eq.(16) and taking into account the initial condition g 0 = 0
we get
Let us suppose that (
is not very small. Then g l becomes of order of one at
Substituting it into Eq.(19) we get
This means that at the point where the effective exchange is already strong and presumably opens a spectral gap, the single particle tunneling is still weak. 
